Sensorineural hearing loss (SNHL) that is seldom cited as a Kawasaki disease (KD) complication is known as an additional, potentially severe, and frequently irreversible sequel. Furthermore the vestibular functions of KD have been underestimated and it could be an important complication combined with SNHL in KD. We described a case that a 4 year-old boy who developed vestibular loss with SNHL has recovered successfully with a combined treatment.
Introduction
Kawasaki disease (KD) is a self-limited, systemic vasculitis of unknown etiology that affects the small and mediumsized blood vessels of the body [1] . The diagnostic criteria for KD are outlined in Table 1 . Over 75% of cases occur in children less than 5 years of age, and the incidence is highly varied, ranging from 4 to 216 per 100,000 children less than 5 years of age worldwide. The most serious complication of the disease is coronary vasculitis, leading to abnormalities in the coronary arteries that affect 15% to 25% of untreated patients [2] . In addition to the cardiac complications, other abnormalities such as ataxia, facial paralysis, behavior disorders, and ocular complications can also be present. Sensorineural hearing loss (SNHL) is seldom cited as a KD complication yet is known as an additional, potentially severe, and frequently irreversible sequel. However, the vestibular effects of KD have been underestimated, and these could also be an important complication combined with SNHL in KD.
Here we describe the case of a 4-year-old boy who developed vestibular loss in addition to SNHL and recovered successfully with a combined treatment.
Case Report
A 4-year-old boy with no relevant prenatal or neonatal background and no history of hearing impairment had adequate normal growth and normal development of vocabulary and language. He was admitted to our Pediatrics Department due to uncontrolled fever and sudden onset vertigo persisting for 4 days. On admission, he presented with bilateral non-exudative conjunctival injection, marked injected and fissured lips, polymorphous rash of the face and trunk, and cervical lymphadenopathy (right multiple palpable Lymph nodes >2 cm), in addition to the fever (Fig. 1) . He had moved back and forth from severe nausea and vomiting to loss of balance; however, visual acuity and brain MRI was normal.
Laboratory workup revealed leukocytosis (19,000/μL) with neutrophilia (79.5%), and neither anemia nor thrombocytosis was detected. Renal function tests and liver enzymes were within the normal range. Upon performing a lumbar puncture, there were no signs of any infectious results for meningitis. Negative serological tests were obtained for toxoplasmosis, mononucleosis, rubella, and cytomegalovirus. An electrocardiogram was normal, and no echocardiogram abnormalities were observed, with results showing normal dimensions of the coronary arteries.
A clinical diagnosis of KD was established according to the American Heart Association criteria. Treatment with intravenous immunoglobulin was promptly initiated (1.5 g/kg in a single and continuous perfusion) in association with acetylsalicylic acid (ASA) (80 mg/kg/day). He became apyretic within 24 hours of treatment implementation, with progressive regression of the remaining clinical symptoms. He soon recovered from nausea and vertigo after the treatments and was discharged 5 days later, maintaining ASA with low-dose prophylaxis (5 mg/kg/day).
Four days after discharge, his parents noticed a sudden absence of response to sound stimuli and brought him to the clinic of otorhinolaryngology. Assessment of hearing function was obtained through impedance audiometry, play audiometry, and auditory brainstem response (ABR) (Fig. 2 ). His impedance audiometry showed a type A curve bilaterally with no response of stapedial reflex at a sound of 100 dB HL. Play pure tone audiometry confirmed severe bilateral SNHL with right mixed hearing loss components (right ear, 75 dB with an air-bone gap of 20 dB; left ear, 45 dB). A V wave in the ABR test was present until 75 dB stimuli on the right ear and 55 dB on the left ear. A caloric test by air for vestibular evaluation showed right complete canal paresis. After the exclusion of salicylate toxicity (therapeutic drug monitoring level <0.3 μg/mL plasma), we thought that the hearing loss could possibly be due to the subacute phase after the acute phase of KD. Blood tests confirmed thrombocytosis during the second week of disease (606,000/mL, compared with 416,000/mL at the initial admission) as well as a progressive decrease of acute inflammatory response markers (WBC=89,400/μL; Neutrophil percentage=40.3%). There were no visualizations of either anterior inferior cerebellar artery (AICA), the feeding vessel of the cochlea, in 3D-magnetic resonance angiography (MRA) (Fig. 3) .
To stop the progression of KD we administered a corticosteroid for immunosuppression and added an anticoagulant drug to interrupt the vascular insufficiency of the cochlea. Intravenous steroid pulse therapy (methylprednisolone sodium succinate, started at 200 mg/day initially for 5 days and then tapered down) was initiated with Plavix (clopidogrel bisulfate, 18 mg/kg), instead of ASA. During follow-up, there was a significant improvement of auditory acuity in both ears (5 days after steroid therapy: right ear=50 dB, left ear=45 dB; 3 weeks later: both=25 dB) (Fig.  4) . Steroid therapy was tapered off gradually and stopped after 3 weeks. The canal paresis of the right ear still remained unchanged. Tonal audiometry, performed 2 months after the diagnosis of KD, confirmed a normal hearing threshold. Cardiovascular assessment showed no evidence of coronary ectasia or aneurysm at follow-up.
Discussion
The major complications of KD are related to cardiac involvement, especially coronary vasculitis [2] [3] [4] . We observed another kind of severe complication in this case: SNHL and vestibular loss; which is not frequently reported in the literature [5, 6] . The presence of hearing loss during the subacute phase of KD in children is very rare, especially when accompanied by canal paresis causing vestibular hypofunction. Moreover, the successful combined treatment restored the functions of the cochlea completely. Therefore, this report is important for assessing effective treatment in these patients.
Until now, the association of SNHL with KD seems to be underestimated, as hearing dysfunction can be discreet and transient in this disease, detectable only by audiometry or BERA in very young children who cannot express themselves well linguistically. Knott, et al. [5] found that 19 of 62 patients experienced SNHL with KD. Similarly, in the most recent and largest study of 115 KD patients by Alves, et al., [7] 33% had SNHL during the acute and subacute phases of the disease. In the present case, the patient's parents failed to identify the hearing problem early after discharge and brought him to our clinic 4 days later, when he failed to correctly recognize words, even when hearing his own speech. Audiometry results then revealed that his right ear threshold was 75 dB, and his left ear threshold was 40 dB.
The pathogenesis of SNHL is unknown in patients with KD. The hearing loss may be associated with the aberrant inflammatory process, due to the intense immune activation observed in the acute phase [8, 9] . This systemic inflammatory process can affect the membranes of the labyrinth and the osmotic balance in the fluid inside the compartments of the inner ear or in the cochlear vessels, thus leading to hearing loss [10] . Secondary abnormalities of the vasa nervorum and perineural vessels resulting in damage of the acoustic nerve could be other possible causes of hearing loss. The inflam- There is no evidence of narrowing of both anterior inferior cerebellar arteries and feeding vessels of the cochlea, on the patient's 3D-magnetic resonance angiography.
Fig. 4.
The results of pure tone audiometry at follow-up periods (A graph at 5 days after the treatment and B graph at 3 weeks later). The improvement of more than 40 dB (on the right ear) was occurred after the treatment as well as on the left ear.
matory cells that infiltrate the vasa nervorum and epineural arteries lead to obstruction, axonal ischemia, and consequent nerve injury. The changed expression of metalloproteinases in the vessel walls can contribute to their subsequent destruction, which can participate directly in the injury caused by nerve ischemia [11] . In addition to this pathophysiology of KD, thrombocytosis in this case indicated a possibility of ischemia injury owing to vascular insufficiency. The AICA, the feeding vessel of the cochlea and vestibule, was not visible on the images from 3D-MRA. However, we are uncertain as to whether the small vessels in both ears were obstructed or were too small to be visualized. The potential role of salicylate ototoxicity in the genesis of hearing loss in acute KD patients has been raised. Higher doses tend to cause more severe hearing loss, although a precise dose-response relationship cannot be demonstrated [12] . It is unlikely, however, that the SNHL experienced in this case was caused by ASA ototoxicity alone. The therapeutic drug monitoring level was very low (<0.3 μg/mL plasma), and the patterns of hearing impairment differed from the patterns characteristic of salicylate ototoxicity, in which binaural flat or high-frequency deficits predominate. At the initial audiometry, there was an air bone gap that recovered within a few days. Although it might have been an error from the young child's play audiometry, we think that acute cochlear injury caused a stiffness of the ossicular chains, especially the stapes, due to a lateralization of oval window caused by endolymphatic hydrops [13] . KD can result in ataxia due to the involvement of the vestibular division of the acoustic nerve. Other cranial nerves may also be affected, and facial paralysis secondary to involvement of the seventh nerve has also been described [14] . Although this patient had initial symptoms of a vestibular deficit with severe nausea, no one was able to determine when the hearing loss started. The results of the caloric test indicated no response from the right ear canal, showing that dizziness and ataxia might have originated from a complete loss of vestibular function. Despite the fact that the symptoms of nausea and unbalance subsided due to a compensation of the contralateral side, the canal paresis still remained.
The early treatment initiated during the first week of hearing loss, including the use of high-dose systemic steroids combined with anticoagulants, is thought to possibly prevent the progression of hearing deficit. Complete remission within two months was obtained due to early awareness of the possibility of SNHL associated with KD, which allowed for a timely intervention.
Children with KD may be referred to the otolaryngologist for a variety of signs and symptoms during their acute illness. Referral for evaluation of dizziness as well as hearing loss may occur long after signs and symptoms of acute KD have disappeared. Given that KD is a self-limited illness that resolves even in the absence of treatment, the diagnosis may be missed and the illness forgotten. Therefore, pediatrics and otolaryngologists should refer symptomatic patients for audiologic and vestibular evaluations and for KD evaluations, such as an echocardiogram.
